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Early events in ischemic renal failure in the rat: Effects of antioxidant
therapy. Renal ischemia followed by two hours of reperfusion produces
a complex form of acute renal failure characterized by a reduction in
nephron filtration rate (SNGFR) and moderate proximal tubular dam-
age. We have examined glomerular hemodynamics. SNGFR and his-
tologic changes after renal ischemia and two hours of reperfusion in
untreated (I) rats and rats pretreated with the antioxidant, probucol
(IF). SNGFR decreased significantly by 47% in 1 rats. Reduction in
SNGFR was primarily the result of a major decrease in the glomerular
capillary hydrostatic pressure gradient, P. and a decrease in nephron
plasma flow (SNPF). The glomerular ultrafiltration coefficient remained
equal to control valves. In IP rats SNGFR was improved to values 89%
of control rats due to higher values of zW and SNPF. Histologic
evidence of modest damage to cells of the proximal tubule was equal in
both untreated and probucol treated ischemic animals. These studies
demonstrate that: (a) primary reductions in nephron filtration rate at the
glomerulus result from decreases in P and nephron plasma flow; b)
pretreatment with the antioxidant, probucol, increases nephron plasma
flow and SNGFR, and maintains more normal values for P; and c)
tubular damage was equivalent in I and IF rats in spite of differences in
SNGFR.
Renal ischemia for one hour followed by reperfusion pro-
duces a complex form of acute renal failure which is character-
ized by a reduction in whole kidney glomerular filtration rate
(GFR) which results from a primary reduction in filtration rate
at the glomerulus, some degree of tubular obstruction, and
significant transepithelial backleak of solutes [1, 2]. Previous
studies from this laboratory have examined the effects of an
antioxidant, probucol, on the physiologic characteristics of one
hour of renal ischemia followed by 2 or 24 hours of reperfusion
[I]. Pretreatment with this lipophilic antioxidant resulted in
significantly higher nephron filtration rate than in untreated
animals. However, 24 hours after renal ischemia, we found that
proximal tubular necrosis was more extensive and proximal
tubular transport rates (APR) were significantly depressed.
APR at two hours of reperfusion was normal in this treatment
group [1]. On the basis of these results, we postulated that the
increased filtered load must have obligated increased oxygen
demands related to transport in tubules that were damaged from
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the ischemic insult, resulting in greater renal tubular dysfunc-
tion and necrosis than in untreated animals which exhibit lower
filtration rates at the glomerulus. The effects of probucol on
proximal tubular structure early after reperfusion, at two hours,
require further examination.
The present studies were designed to investigate three ques-
tions. First, which determinants of nephron filtration contribute
to the post-ischemic decrease in SNGFR? Secondly, which
determinants of glomerular ultrafiltration are affected by treat-
ment with probucol resulting in amelioration of this decrease in
SNGFR? Third, is tubular structure protected by antioxidant
pretreatment at this early stage of ischemic renal failure or is
tubular injury more extensive at two hours as has been ob-
served at 24 hours after treatment with this antioxidant?
Methods
Experiments were performed on male Munich-Wistar rats
(205 to 280 g) bred and maintained at the San Diego VA Medical
Center, Animal Research Facility. There were three treatment
groups with seven rats in each group examined in this study: 1)
control animals (C) underwent unilateral nephrectomy and
sham renal artery clamping; 2) ischemic (I) animals were
unilaterally nephrectomized and underwent left renal artery
clamping for 60 minutes; and 3) ischemic probucol treated (IP)
animals received a 1% probucol diet for two weeks prior to
unilateral nephrectomy and left renal artery clamping. Probucol
was from Merrill Dow Research Institute (Cincinnati, Ohio,
USA). All rats were permitted free access to water. Rats were
anesthetized with mactin (100 mg/kg i.p.), a tracheostomy
performed (PE-240) and PE-50 catheters placed in the jugular
vein and femoral artery. A right flank incision was made, the
right renal artery securely ligated, and the right kidney re-
moved. The incision was closed and a left flank incision was
made. The left renal pedicle was dissected to expose the renal
artery, and the artery was clamped for 60 minutes in the
ischemic and probucol-treated ischemic groups. Body temper-
ature was regulated on a heated table with a servo-controlled
heating unit. Rats were infused continuously with 1.0% body wt
donor plasma and 3H-inulin at a rate of 120 pCi/hour for 60
minutes prior to micropuncture. The donor plasma infusion rate
was then changed to 0.15% body wt/hr. Arterial blood pressure
was monitored with a pressure transducer and recorded on a
Statham (Oxnard, California, USA) chart recorder. The left
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ureter as cathetherized (PE-50) and the kidney prepared for
micropuncture as previously described [3].
Pressures were measured in surface glomerular capillaries
(P0), urinary space (5), and peritubular capillaries. Pressures
were measured with a servonulling device utilizing glass pi-
pettes filled with 1.2 M NaCI and outer tip diameters of I sm.
The pulse contour of the pressure measurements was monitored
continuously with a long phosphor oscilloscope (Tektronix).
Glomerular capillary pressures described an aortic pulse con-
tour, and efferent peritubular capillaries exhibited an arterial
pulse Contour of lower amplitude.
Efferent peritubular capillary blood samples were obtained
from the "star" vessels, readily recognizable on the kidney
surface, utilizing mineral oil-filled micropipettes with 13 to 16
zm (O.D.) tips. Following blood collections, the pipette tip was
sealed and the red blood cells were separated quickly from the
plasma.
Measurements of nephron filtration rate (SNGFR) were per-
formed with the recognition that considerable degrees of heter-
ogeneity of filtration rate among nephrons may exist in IRF.
Late proximal tubules were localized in a random fashion for
micropuncture by sampling tubules from the four quadrants of
the micropuncture surface. In addition, the localizing pipette
was positioned above the kidney surface, without viewing the
surface concurrently, and the tubule immediately below this
pipette was selected for evaluation. The proximal segments
were localized by injection of FD&DC green dye into the
proximal tubule using 3 to 5 m beveled-tip pipettes. Even if the
injected dye did not move or moved slowly, suggesting low to
negligible tubular flow rates, a small quantity of mineral oil was
injected into the tubule, and a three minute collection was
performed. The sample of tubular fluid was counted and if no
counts were present, the value for SNGFR was considered to
be zero. TUbular pressure (Pr) was monitored before and during
tubular fluid collection. Sufficient counterpressure was applied
to maintain Pt equal to precollection free flow pressure through-
out the collection of tubular fluid. At least two clearance
periods were obtained for total GFR. After measurements were
completed, a wedge was taken from the kidney, minced and
placed in Karnovsky's fixative. All samples were routinely
processed for transmission electron microscopy and embedded
in Poly-bed 812 for thick and thin sectioning. All renal samples
were assigned numbers and read without knowledge of the
experimental regimens.
Kidney sections from all experimental groups were examined
by a semiquantitative light microscopic analysis to determine
the degree of tubular injury. The tissue was sectioned at I to 2
micron in thickness and stained with toluidine blue. Sections
were viewed on a Zeiss Photomicroscope II with a 40x objec-
tive and lOx eyepieces. Three different sections from each
kidney were examined for evidence of cellular damage and/or
necrosis. A pathology score was provided for each kidney
based on the following scale: 0 = absence of lesion; I = lesion
represented in less than 10% of the tissue and with minimal
change; 2 = lesion represented in up to 50% of the tissue and
with moderate change; 3 = lesion represented in 50 to 90% of
the tissue and with moderate change: 4 = lesion represented in
over 50% of the tissue and with severe change. Minimal injury
was defined as a loss of the brush border and amorphous debris
in tubular lumen. Moderate injury included cell swelling and
vacuolization. Severe injury was noted by a loss of tubular
epithelial cells. In addition to the cellular changes, tubules were
inspected for the presence of casts.
For transmission electron microscopy, sections were cut at
60 to 90 nm with a diamond knife and stained with uranyl
acetate and lead citrate. The tissue was examined and photo-
graphed with a Philips EM 400 Electron Microscope. Cells of all
tubular segments were examined for alterations of cellular
organelles and plasma membrane specializations (apical and
basal microvilli).
Calculations
GFR was determined as previously described [3]. The
SNGFR was determined by the following equation:
SNGFR = total cpm of '4C-inulin
plasma cpm/nl . time of collection
where plasma counts per minute per nanoliter were corrected
for plasma water. The volume of the collected sample was
transferred from oil-tipped pipettes to a previously calibrated,
constant-bore, Pyrex pipette of approximately 60 pm I.D. The
volume of tubular fluid was determined from length measure-
ments in this pipette. From the total radioactivity count rate and
the known volume, the tubular fluid inulin concentration (TF)
can be determined, and from the plasma inulin radioactivity (P;
corrected for plasma water), the IF/P inulin ratio. Proximal
tubular fractional reabsorption (FR) at the late proximal tubule
site can be determined from the TF/P ratio from the following
relationship:
FR = (I — P/TF) x 100%
Absolute proximal reabsorption can be determined from:
APR = SNGFR (FR)
Single nephron renal plasma flow (SNPF). and oncotic pressure
(ir) from protein concentration (C) were calculated as described
in our previous publication [31.
The four determinants of glomerular ultrafiltration, the hy-
drostatic pressure gradient acting across the glomerular mem-
brane (zP), systemic oncotic pressure (irA), glomerular perme-
ability coefficient (LpA). and rate of renal plasma flow,
interrelate in the following manner.
Because zP = P0 — where P0 is glomerular capillary
pressure and Pus is the hydrostatic pressure in the urinary
space, the effective filtration pressure (EFP) can be defined as
follows:
EFP = P — ii
where iris the oncotic pressure, Oncotic pressures of systemic
protein samples (CA) and eff'erent arteriolar samples (CE) were
determined by the following relationship
= l.74C + 0.28C2
which is a simplification of the empirical relationship defined by
Landis and Pappenheimer [4] ir = 2.IC + 0.16C2 + 0.009C3.
As a consequence of glomerular ultrafiltration ir rises along
the length of the glomerular capillary (x*) as a result of the
increase in protein concentration (C). The mean EFP (EFP) is
defined as follows:
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Table 1. Micropuncture data from control (C). untreated ischemic (I), and probucol-treated ischemic (IF) rats
Mean SE are given. N = 7 for each group
a P <0.05 vs. control
'' P <0.05 vs. IP
from [I]
EFP f (P_ir)dx*
Jo
Changes in RPF modify the FP profile along x" by affecting
the rate at which protein is concentrated and the rate of rise in
ii along x''.
The SNGFR can therefore be defined as follows:
SNGFR = LpA x iP
where LpA is the glomerular permeability coefficient and which
in turn is a product of the hydraulic conductivity (Lu) of the
glomerular membrane and A, the total filtering surface area of
the glomerular capillary. Afferent (AC), efferent (EC), and
distal efferent (DC) vascular conductances were calculated as
follows
AC = SNBF
MAP - PG
where SNBF = single nephron blood flow, MAP = mean
arterial pressure, and G = glomerular capillary pressure.
EC = SNBF
- SNGFR
PG — PCAP
where CAP = efferent star peritubular capillary pressure.
DC = SNBF
- (SNGFR/2)
PCAP — PRy
where P, = renal vein hydrostatic pressure assumed to be 3
mm Hg. DC is the total vascular conductance between the most
proximal peritubular capillary and the renal vein. The quantity
(SNBF — SNGFRI2) assumes that the average flow is equal to
that value where 50% of the reabsorbate has been returned to
capillary flow. Conductances were calculated rather than resis-
tances in order to achieve a more normal distribution of
calculated values in spite of heterogenous values for flow since
the flow parameter is in the numerator for conductances. When
flow is the major variable rather than pressure, resistance
values tend to be skewed in distribution, which may prohibit the
utility and validity of normal, Gaussian-based statistical meth-
ods.
Analytic methods
Protein concentration in systemic and efferent peritubular
blood samples was measured by a microadaptation of the
Lowry et al protein method [5].
Statistical methods
In order to compare the three treatmeOt groups, an unpaired
t-test was performed, followed by the Bonferroni correction for
multiple group comparisons on urine volume, MAP, GFR,
SNGFR, APR, SNPF, PG, P, Ps E' A' conductahces,
LpA and histological scores.
Results
Whole kidney function
Clamping of the renal artery for 60 minutes followed by two
hours of repeffusion produced significant effects on whole
kidney function. The GFR in I rats was 0.16 0.03 ml/min,
which was significantly lower than inC rats (1.22 0.07). Urine
flow did not change significantly in the ischemic group (5.70
0.97 j.d/min) when compared to controls (3.45 0.38). Pretreat-
ment with the antioxidant, probucol, did not prevent the
decrease in GFR (0.29 0.10) following ischemià. Urine flow
values in IP rats were not significantly different from either
control or untreated ischemic values (5.36 1.02 j.d/min). MAP
decreased significantly in both the 1(98.7 3.1 mm Hg) and IP
(94.9 2.9) groups when compared to controls (107.5 1.8;
Table I).
Micropuncture evaluation
As described previously, we evaluated filtration and reab-
sorption at the single nephron level after ischemia and reflow
[I]. SNGFR decreased significantly in I rats (20.8 2.7 nI/mm)
when compared to control animals (43.9 2.3 nI/mm). Probucol
pretreatment provided a significant protective effect on
SNGFR. The mean value in the IP group for SNGFR was 36.0
3.1 nI/mm. This value represents a major improvement in
comparison to untreated I rats, and was not significantly
different from controls. APR was significantly reduced in I rats
(7.4 1.1 nI/mm) when compared to controls (11.1 0.8 nIl
mm). APR was not significantly different from control in IP rats
(11.6 1.3 nI/mm).
The heterogeneity of SNGFR values within animals was
expressed as the ratio of the SEM for SNGFR values to the mean
SNGFR in each group. The value for the control group was 8.6
1.3%, 31.1 6.0% for the untreated ischemic group, and for
the probucol ischemic group this index of heterogeneity was
intermediate at 16.4 3.5%. There was significantly greater
heterogeneity of SNGFR after two hours reperfusion in the
untreated ischemic group than in the control group, a finding
iP PusMAP SNGFRC
mm Hg ni/mm
AC EC DC
SNPF
ni/in in ni/mm/mm Hgmm HG
C 107.5 43.9 36.1 50.8 14.7 136.4 4.7 6.3 16.7 15.8 29.8 0.0601
1.8 2.3 1.1 1.2 0.9 7.7 0.3 0.3 1.0 0.6 2.5 0.0057
I 98.7a 208a.b 3O.I 54.6 24.5a 1034a.b 44h 6.4 81a.b 18.1 27.9 0.0600
3.1 2.7 1.6 2.3 1.9 12.9 0.5 0.9 1.6 0.8 1.3 0.0137
IP 94,9a 36.0 32.7 55.1 22.4a 171.9 75C 11.1 15.8 15.8 27.1 0.0670
2.9 3.1 1.1 2.0 1.6 29.6 1.1 2.8 2.7 0.9 1.9 0.0088
mm Hg
LpA
(nt/sec
mm Hg)
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similar to results reported previously after 24 hours reperfusion
[1]. Some nephrons in the I group had essentially no flow, while
others approached normal flow. The heterogeneity index in the
IP group was not significantly different from either the I or C
groups. A few nephrons evaluated in this group exhibited very
low flow but fewer low flow nephrons were noted than in the I
group (Fig. 1).
The determinants of glomerular ultrafiltration were evaluated
after one hour of ischemia and a two-hour reperfusion period in
order to quantitate the respective contributions to the changes
in SNGFR described above (Table I). A significant decrease in
P (30.1 1.6 mm Hg) was observed in I rats when compared
to controls (36.1 1.1 mm Hg). Approximately 40% of the
decrease in SNGFR in I rats was attributed to the reduction in
P. Glomerular capillary hydrostatic pressure did not increase
significantly in I rats (54.6 2.3 mm Hg) when compared to C
animals (50.8 1.2). Urinary space pressure was significantly
higher in! rats (24.5 1.9mm Hg) than inC rats(14.7 1.9),
accounting for the decrease in P. In rats pretreated with
probucol, while values decreased numerically, there was no
significant change in zP (32.7 1.1 mm Hg) after ischemia and
reflow by multiple group comparison. Urinary space pressure
increased significantly in IP rats (22.4 1.6 mm Hg) but this
was partially balanced by a numerically higher value for G
(55.1 2.0 mm Hg).
When SNPF was evaluated in I rats, there was a significant
decrease (103.4 12.9 nI/mm) when compared to C (136.4
7.7). This change in SNPF accounted for approximately 60% of
the decrease in SNGFR noted after ischemia. SNPF in IP rats
(171.9 29.6) was not significantly different from control.
Pretreatment with probucol totally prevented a decrease in
SNPF, which contributed significantly to the improvement in
SNGFR in IP rats. In the untreated ischemic group, afferent
(4.4 0.5 nI/mm/mm Hg) and efferent (6.4 0.9 nI/mm/mm Hg)
conductances were not significantly different from control val-
ues (4.7 0.3; 6.3 0.3 nI/mm/mm Hg, respectively). Distal
conductance (8.1 1.6) was significantly lower in I animals
than in control (16.7 1.0) or IP animals (15.8 2.7 nI/mm/mm
Hg). IP rats exhibited significantly higher afferent conductance
(7.5 1.1) than control or I animals. Efferent conductance was
numerically increased in the IP group (11.1 2.8) but was not
significantly different from control or I values.
LpA did not change significantly in either untreated (0.060
0.014) or probucol-treated ischemic (0.067 0.009 nI/sec/mm
Hg) rats when compared to control animals (0.060 0.006 nIl
sec/mm Hg). Changes in LpA did not contribute to the decrease
in SNGFR after ischemia. Approximately 50% of the rats in
each ischemic group exhibited filtration pressure equilibrium.
Morphologic evaluation
After one hour of ischemia and two hours reflow, minimal
evidence of injury was obvious on light microscopic evaluation
of ischemic and ischemic probucol-treated rats. Light micro-
scopic pathology scores for 1(0.7 0.1) and IP (0.4 0.1)
kidneys were not significantly different. Ultrastructural analysis
of the immersion fixed cortical wedges revealed good preserva-
tion of the S1 and S, segments of the proximal tubules, renal
corpuscles, distal convoluted tubules and cortical collecting
tubules. Proximal tubular cells of the segment are character-
ized by a tall cell height, numerous lateral-basal interdigitations,
elaborate endocytic apparatus and an extensively developed
brush border [6]. Transmission electron microscopic observa-
tions of both the untreated ischemic (Fig. 2) and probucol
treated ischemic (Fig. 3) groups showed evidence of injury to
cells of the proximal tubule compared to the control group (Fig.
4). No other portion of the nephron appeared to be damaged.
Injury to the proximal tubular cells was focal in nature in that
only selected tubules showed damage. In addition, not all cells
along the length of a tubule revealed the same degree of
ultrastructural change. Injured cells could be seen adjacent to
normal appearing cells. However, no particular segment of the
proximal tubule appeared to be selectively affected.
The types of ultrastructural changes seen and the degree of
severity of these alterations appeared similar for both experi-
mental groups. The cell height varied greatly. Some cells
showed an increase in cell height suggestive of cell swelling
while others appeared more flattened (a reduced height). The
density of the apical microvilli also varied in that many injured
cells showed an extensive loss. Also the length of individual
apical microvilli was inconsistent compared to the control
tubules. Numerous injured cells showed evidence of internal-
ization of the apical microvillous surface. Disorganization and
loss of the lateral-basal interdigitations were commonly seen in
the damaged cells. In addition, the mitochondria of these
injured cells appeared to have lost their elongate shape and
others showed frank swelling as well. Most of the injured cells
showed an increased number of vacuoles within the cytoplasm
compared to the control proximal tubular cells. These vacuoles
were heterogeneous in content and of varying shapes. The
staining density of the cytoplasm of most injured cells was
normal; however the cytoplasm of some damaged cells was
extremely electron dense. Many of the tubules that possessed
injured cells also presented evidence of cellular debris and a
proteinaceous-like material in their lumen.
Discussion
The decrease in SNGFR measured after one hour of renal
ischemia and two hours reflow can be attributed to specific
Control Untreated Probucol
ischemic ischemic
71-80
61-70
51-60
U-0
41-50
31-40
' 21-30 •.
11-20
0-10
Fig. 1. The distribution of individual SNGFR values in control, un-
treated ische,nic, and probucol-treated ische,nic groups is depicted.
Each data point represents one nephron.
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Fig. 2. The proximal tubular cells in this transmission electron inicrograph are from an untreated ischemic animal. The cell in the center of the
field presents evidence of injury noted by fewer apical (AV) and basal microvilli. swollen mitochondria, an electron dense cytoplasm and
internalization of apical microvilli (arrows) as compared to the cells on either side of it. The inset shows the variations seen in cell injury within
a single tubule. This same degree of variation in cell damage was noted between adjacent tubules. 6,500x; inset at 500x.
changes in P and SNPF. The most consistent factor contrib-
uting to reduction in SNGFR of I rats was the decrease in P,
presumably the result of tubular damage and obstruction and
elevations in Pus. P0 did not increase by a magnitude sufficient
to compensate for increases in P and P was not maintained.
This increase in Pus may be due to partial tubular obstruction
which has been implicated in the pathogenesis of ischemic acute
renal failure. These results are similar to those reported by
Arendshorst, Finn and Gottschalk, who found no significant
change in P0 after one hour of ischemia and one hour reflow in
conjunction with increases in tubular pressure [7]. Another
factor contributing to the reduction in SNGFR after acute
ischemia and reflow was the significant reduction in SNPF. The
decrease in SNPF can be explained primarily by a decrease in
distal conductance in ischemic animals. This decrease in SNPF
may be related to several factors. Finn has reported that
peritubular capillary blood flow was reduced due to compres-
sion by distended tubules [8]. An increase in distal resistance
was reported by our laboratory during elevated ureteral pres-
sure [9]. Swelling of vascular endothelial cells may also have
contributed to the change in plasma flow [10], or renal vaso-
constriction as an indirect consequence of tubular obstruction
[11].
The glomerular ultrafiltration coefficient (LpA) remained
unchanged after two hours reperfusion in I rats. These results
are similar to in vitro findings reported by Savin et al [12] in
isolated canine glomeruli after one hour reflow. Daugharty et al
in earlier studies suggested that a change in LpA was not
required to account for the reduction in nephron filtration rate
in a different and less severe model of ischemic renal failure
[13]. In human transplant biopsy specimens, structural changes
in glomerular epithelial cells were noted which may correlate
with changes in the ultrafiltration coefficient [14]. In the rat
kidney following one hour of ischemia and reperfusion, a loss of
surface area available for ultrafiltration has been suggested [15].
LpA or K was found to be reduced in the dog, 18 to 24 hours
after renal artery clamping [16]. However, our studies suggest
that in early IRF in the rat, LpA does not contribute to the
decrease in SNGFR.
Pretreatment with the antioxidant, probucol, significantly
increased SNGFR in IRF when compared to untreated ischemic
rats after two hours of reflow. However, GFR was significantly
decreased in I and IP rats when compared to control animals.
The previously reported effects of tubular obstruction and
backleak of inulin contribute to the differences in changes in
SNGFR and changes in whole kidney GFR [2, 17]. The two
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Fig. 3. Proximal tubular cells from the prohucol-treated ischemic kidneys showed the same degree ofdamage as was described for the untreated
ischemic kidneys. The cells of the proximal tubule seen in this electron micrograph show minimal changes characterized by a loss of apical and
basal microvilli, reduction in cell height and an increase in the number of apical vacuoles (arrow). 6,500x; inset at 500x.
factors which contributed to the reduction in SNGFR in I rats,
SNPF and P, did not change significantly in IP rats when
compared to control animals. SNPF in the IP group was
actually numerically higher than in control rats, suggesting that
maintenance of SNPF is the major factor contributing to the
maintenance of SNGFR in IP rats. The significant decrease in
SNPF in I rats was due to a decrease in distal vascular
conductance. Distal conductance was maintained in IP animals,
possibly because of a decrease in tubular obstruction and
vascular compression. After 24 hours reflow, the extent of
functional tubular obstruction was decreased in IP rats, as
reported previously [1]. The increase in afferent conductance in
IP rats was an unexpected observation suggesting not only a
lack of vasoconstriction but greater vasodilation in comparison
to control rats, and this change partially accounted for restora-
tion of SNPF. There are several potential mechanisms which
might form the basis of this vasodilation. First, probucol may
exert a non-specific renal vasodilatory effect. Although we did
not measure glomerular hemodynamic parameters in non-is-
chemic probucol-treated animals in this study, we found no
change in glomerular filtration rate under these conditions in a
previous study [11. No effects on blood pressure have been
observed in probucol-treated normal rats [181, and cardiovas-
cular responses to vasoactive agents appear normal [191. Sec-
ond, ischemia and reflow and consequent tubular damage are
likely associated with membrane degradation and increased
arachidonic acid supply. Scavenging of reactive oxygen species
by probucol could have decreased arachidonic acid release by
limiting phospholipase activation [20]. Third, treatment with
probucol may modify eiscosanoid production which could
change renal conductances [21, 22].
Studies performed in this laboratory after 24 hours reflow
have revealed a reduction in APR in IP rats, and more extensive
tubular necrosis in IP rats than in I rats [I]. These results, along
with the increased SNGFR noted in this treatment group
suggest that the higher filtration rate dictated secondary in-
creases in reabsorptive obligations and 02 consumption which
may have produced a metabolic imbalance during further reflow
which increased cell damage. Brezis et al [231 reported that
inhibition of transport activity prevents injury to the medullary
thick ascending limb in the isolated perfused kidney (IPK).
Shanley reported a transport-dependent lesion in the proximal
tubule of the hypoxic IPK [241. These studies suggest that by
decreasing renal work and 02 consumption. renal injury can be
decreased. Studies reported previously from this laboratory
have revealed normal proximal tubular reabsorptive function in
lP rats at two hours of reperfusion, which has significantly
decreased at 24 hours of reperfusion after ischemia [I]. Proxi-
mal tubular injury after two hours reflow was no different in
probucol-treated ischemic kidneys and untreated ischemic kid-
neys, while after 24 hours reflow, necrosis was more extensive
in IP kidneys than in renal tissue from I animals. Our results
suggest that probucol treatment exerts an early protective effect
on glomerular and tubular function in IRF, but that tubular
function and structural integrity decline over time, possibly due
to an increase in transport demands without a concurrent
improvement in tubular transport capacity.
These studies suggest that two of the determinants ofglomer-
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Fig. 4. This transmission electron micrograph shows the ulirastructuralfeatures of several control proximal tubular cells (S1). These cells possess
elongate mitochondria (M), numerous apical (AV) and basal (BV) microvilli and an elaborate endocytic apparatus (arrow). The inset in the upper
left, shows the same tubule at a reduced magnification. 6,500x; inset at SOOX.
ular ultrafiltration, zP, and SNPF contribute to the decrease in
SNGFR noted early in ischemic renal failure. Pretreatment with
probucol prevents significant alterations in these two determi-
nants resulting in maintenance of SNGFR after ischemia and
reflow. After two hours reflow, tubular injury is not more
extensive than in untreated ischemic animals, as has been
observed after 24 hours reflow, in spite of maintenance of
SNGFR in probucol-treated ischemic rats.
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